Aim: Maintenance of physical function in the elderly is important. Previous studies have focused mainly on training-center-based interventions, accompanied by training staff or equipped with training machinery. The purpose of this study was to investigate the effects of toe and ankle training for the elderly.
Introduction
Declines in muscle strength and physical function in older people induce infirmity and necessitate nursing care. The maintenance of muscle strength and physical function in the elderly is especially important, not only for avoiding nursing needs and reducing medical bills, but also for improving quality of life (QOL). Numerous studies have shown improvements in muscle strength and physical function with training, even into advanced age. Resistance training is the most common method of intervention for the improvement of muscle strength in the elderly, as it is effective in promoting muscle strength [1] [2] . In a systematic review, improvement in mobility was also reported with resistance training 3 .
Some studies have shown the effectiveness of multiple forms of training, including gait exercise, balance exercise, aerobic exercise, and educational programs [4] [5] [6] [7] .
Most studies have focused on training-center-based interventions, accompanied by training staff and training equipment 1-2, 4-9 . However, not all elderly individuals can benefit from these training-center based interventions. Some lack adequate access to the training-center, and some are too frail to perform resistance training. Home-based, multiple-format training programs that include resistance training and balance exercise have also resulted in muscle strength and physical function improvements in older people [10] [11] , but unaccompanied training that involves standing carries a risk of falls for frail people.
Ideally, the welfare system could send expert staff frequently to all elderly individuals in the community. In practice, a safe and effective method of self-training would be highly beneficial for functionally impaired elderly individuals who can barely stand and walk.
Some reports have shown that toe function affects dynamic balance and mobility.
Toes play an important role during the propulsion phase of gait 12 . Toes also serve to maintain posture in unstable conditions, such as a single-leg stance or standing on a soft surface, such as a mat [13] [14] . Ihara and colleagues reported that toe/sole training improved muscle strength and physical functions, such as toe flexor strength, ankle strength, center of gravity sway, and repetitive side steps, and these effects were maintained after two months 15 . Toe training can be performed safely, even by elderly individuals who are at risk of falls, with the individual in a sitting position. However, little has been reported on the effect of toe and ankle training on older people. A physical function such as balance ability might be improved according to improvement of toe and ankle function in older people. The improvement of physical function such as balance ability reduces the risk of falling in older adults 16 . In this study, an exercise program focused mainly on toe and ankle function was developed as a low-intensity training method that could be carried out without supervision. The objective of this study was to investigate the effects of the toe and ankle training on elderly people.
Methods

Study Design
The trial was a cross-over study conducted in four participating nursing homes. All facilities were located in the suburbs without major inter-home differences in the environment and services provided. The study was comprised of the following steps:
( Ⅰ ) subject screening and enrollment, ( Ⅱ ) baseline assessments, ( Ⅲ ) an immediate-intervention phase, in which subjects in two of the facilities received the intervention (immediate-intervention group: Group 1) for 8 weeks, while subjects in the other two nursing homes served as controls (delayed-intervention group: Group 2), and (Ⅳ) a delayed-intervention phase, during which subjects in Group 2 received the intervention for 8 weeks. Outcome measures were assessed at the beginning of the study and at the end of each phase.
Subjects
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The study subjects were sampled from four nursing homes in Kyoto, Japan. A document describing the aim and content of the study was given to the four facilities, and each agreed to cooperate. Oral and written explanations of the study were offered to all residents. Subjects were excluded if they had neurological impairment (acute stroke, 
Measurements
Quadriceps muscle strength, toe flexor strength, balance, agility, and mobility were assessed in all subjects at the beginning of the study and at the end of each phase. Research staff members who performed the assessments were blinded to the group allocation of the participants. The psychometric properties, fear of falling and health-related quality of life (HRQOL), were also assessed before and after intervention.
All staff members were trained to each test protocol sufficiently, and the same tester did the pre and post measurements.
1) Quadriceps strength
Quadriceps strength was measured with a hand-held dynamometer (HHD: μTas F-1:
ANIMA Co.) during isometric contraction of the knee extensor. The test-retest reliability of this method was reported previously 17 . With the subject in a sitting position, the hip and knee were kept at 90° angles. The maximal isometric strength was measured after adequate pre-measurement trials. The HHD was placed 25 cm distal to the knee joint.
The measurements were performed bilaterally, and the larger value was adopted. Torque was calculated by multiplying strength by the lever arm (25 cm), and expressed as the percentage of body weight (N m/kg).
2) Toe flexor strength
Toe flexor force was measured with the HHD during isometric contraction of the plantar flexor muscles of the great toe. With the subject in a sitting position, the foot was placed on a 28 mm-high stool, the great toe was extended over the edge of the stool, and the HHD was inserted under the hallux. A research staff member fixed the ankle and the foot in a neutral position, and the subject was instructed to flex the great toe. The maximal isometric strength was measured after adequate pre-measurement trials. The measurements were performed bilaterally, and the larger value was adopted.
3) Balance Balance was assessed by the timed one-leg standing test and the functional reach test.
In the timed one-leg standing test, subjects were instructed to raise one leg and to keep their posture without hopping, and the amount of time until the raised leg touched the floor was measured. The maximum value was set at 60 seconds. Each subject received instructions from a staff member, who observed the test from beginning to end. After the trial, participants performed the task once on each leg; the best of the two values was adopted. The test was done with the eyes open and with the eyes closed.
The functional reach test measures the distance that subjects are able to reach forward while maintaining a fixed base. Duncan and colleagues reported that it had good predictive validity for recurrent falls and high test-retest and interobserver reliability [18] [19] .
The position of the fingertip was determined with the shoulder of the subject flexed at 90° along a wall. Then, the subjects were instructed to reach as far forward as possible without moving their feet, thus moving the center of gravity forward over a fixed base.
Functional reach was defined as the difference between the arm's length and the maximal forward reach.
4) Agility
Agility was assessed with the stepping test with a repetitive side-stepping tester (TKK5301 TAKEI Co). Subjects were instructed to perform alternate stepping with the right and left legs on the board as quickly as possible for five seconds. The number of steps was adopted as the score. The test was done with the subject sitting and standing.
5) Mobility
Mobility was assessed with the 10 m walking test and the timed up-and-go test (TUG) 20 .
The 10 m walking test was carried out by asking participants to walk a flat path 14 m in The TUG test 21 was modified slightly to obtain maximal abilities, as the test with maximum gait speed showed better prediction for falls and reproducibility than that with self-paced gait 22 . Subjects sat on a chair with armrests. A cone was placed 3 m in front of the chair. Subjects were instructed to stand up from the chair, walk forward, turn around the cone, return to the chair, and sit down as quickly as possible. After a demonstration by a staff member, participants performed the task once. The time needed to carry out the task was recorded as the score.
6) Fear of falling
The falls efficacy scale (FES) is based on the operational definition of fear as ''low perceived self-confidence at avoiding falls during essential, relatively non-hazardous activities.'' A modified FES version 23 translated into Japanese was used. Briefly, subjects were asked how concerned they were about the possibility of falling while performing 10 different activities on a four-category scale from 1 to 4. The total score on the FES can range from 10 to 40, with low scores indicating greater confidence.
7) Health-related Quality of life
The Euro Qol EQ5D questionnaire 24 translated into Japanese was used [25] [26] . It comprises a 5-dimensional healthcare classification that includes questions on the status of morbidity, self-care, usual activities, pain/discomfort and anxiety/depression.
Participants were asked to indicate their current health status by selecting the most appropriate of three statements about each of the five QOL dimensions. Each statement represents an increasing degree of severity. These five dimensions were combined into a 9 health state. Utility values were calculated for these health states, using preferences elicited from a general Japanese population 27 .
Intervention
The training components were selected specifically to focus on ankles, feet, and toes.
All of the exercises were done with the subject in a sitting position. After being given adequate instructions and demonstrations by a research staff member on the first day of the intervention, each subject repeated the training every day for 8 weeks.
From the exercise-participation record, which was checked by facility staff members, the participation rate was calculated for each subject, with the number of days of actual training as the numerator and the total number of days as the denominator, thus giving 100% when a subject participated in training every day during the intervention phase. The exercise program included 1) alternate heel/toe lifting, 2) towel gathering, 
Statistical analysis
Data collected at each session were entered into SPSS (SPSS ver.12.0J) for analyses.
The test-retest reliability of the measurements was estimated by calculating intraclass correlation coefficients (ICC), using the baseline and the 2 nd assessment outcome of Significance values (P values) were calculated for interactions between the group and phase for subjects who completed the trial.
For the variables with significant group-by-phase interactions, a paired t test was used to examine differences between pre-and post-training measurements, with baseline and 2 nd assessments as pre-training measurements for Group 1 and Group 2, respectively, and 2 nd and 3 rd assessments as post-training measurements for Group 1 and Group 2, respectively. Comparison of the nonnormally distributed variables such as FES and EQ5D was made with the two-sided Wilcoxon's signed rank test in each group. Then, the combined data of two groups were analyzed also with the two-sided Wilcoxon's signed rank test.
For the variables with significant inter-group differences at baseline, two-by-two repeated-measures analysis of covariance (ANCOVA), with measurement change from the baseline value (⊿Baseline-2 nd assessments and ⊿Baseline-3 rd assessments) as a dependent variable, the group and phase (Baseline-2 nd or Baseline-3 rd ) as independent variables, and the baseline value as an independent covariate, was used to rule out possible confounding by the baseline differences. P values were calculated for interactions between groups and phases. Statistical significance was set at P<.05.
Results
Subject flow through the trial is illustrated in Figure 1 . In the four nursing homes, Baseline data for the subjects who completed the intervention are summarized in Table   1 . Age, height, and weight of the two groups were not significantly different. Significant differences were seen in toe flexor strength (P=.032) and stepping in standing (P=.040).
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No major health problems, including cardiovascular or musculoskeletal complications, occurred during the training sessions or the testing sessions.
<Insertion position of table 1>
The participation rates for training program were 57.3±29.9% in Group 1 and 67.6±30.0% in Group 2, without a significant inter-group difference (P=.291). Table 2 Although the training does not include fast movements, the hip flexor activity during the exercise could be enough to induce some improvement in stepping for the participants in colleagues have shown lesser toe pressure at the pre-swing phase in older subjects and suggested its relationship with lesser propulsion at push-off 30 . In this study, however, there was no ripple effect on mobility, in spite of the borderline improvement in toe flexor strength. For better mobility in the elderly, more dynamic training is probably required in addition to exercise in a sitting position.
The intervention resulted in some improvement in EQ5D score. A systematic review has shown a positive effect of exercise on HRQOL in healthy older people 31 . The participants in the present study possibly gained confidence in their health by the improvement in some aspects of physical function and showed higher HRQOL scores.
In the present study, the baseline physical function of the subjects was low, even compared with age-matched individuals in the community. For example, the gait speed This study has several limitations. First, the subjects were not randomized. They were sampled from four nursing homes, and the four facilities were divided into two groups, resulting in significant inter-group differences in some of the measurements at baseline.
To compensate, the trial was conducted with a cross-over design, and the ANCOVA was included with the baseline value as an independent covariate. This strategy probably reduced the possibility of confounding by the baseline differences and by the environmental factor in each cluster. Still, the evidence level is not as strong as would be obtained with a randomized controlled trial. Second, the data were subjected only to per protocol analysis to optimize the cross-over design. The present study cannot determine whether the intervention would be effective on an intention-to-treat basis. Third, the study lacks a detailed kinematic investigation of the training program to seek specific factors responsible for improvements in particular function. Further studies are necessary Timed up and go (sec) 0.86 ± 2.1 -1.75 ± 2.5 -0.6 ± 1.3 0.1 ± 1.8 .176
Stepping in sitting* (step) 2.4 ± 6.3 0.8 ± 5.5 23.2 ± 8.8 25.6 ± 8.8 .003
Stepping in standing (step) -0.1 ± 6.1 1.5 ± 4.1 1.3 ± 3.0 -0.7 ± 4.1 .839 *P<.05, **P<.01. Significance was tested using ANOVA for group-by-phase interactions. 
